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The problem of the relation of antibodies  to  normal serum globulins has 
been approached in the past by comparison of their chemical, physical, and 
immunological properties in the native state  (cf.  1-3).  Little information is 
available, however, on their relative behavior in  the denatured  state.  This 
paper describes an  investigation of the effects of denaturation  by guanidine 
hydrochloride on  certain  physicochemical and  immunological  properties  of 
Type I antipneumococcal horse serum globulin.  In the fight of recent theories 
of the structure and synthesis of antibodies (4, 5) it appeared also of interest 
to  determine  whether  denaturation  of  normal  and  immune  globulin  might 
accentuate or diminish the antigenic relations which exist between them in the 
native form. 
Comparative physicochemical  properties of normal and immune serum globulins 
have been reviewed by Kabat (3).  Wright (6) has reported that the antigenic nature 
of horse antibody proteins is essentially  the same  as that of horse normal gamma 
globulin.  However, quantitative investigations  by Treffers et  al.  (7-9)  based  on 
earlier findings of Ando et al.  (10), and Marrack and Duff (11), revealed  that anti- 
pneumococeal horse serum globulin differs from normal gamma globulin in its reaction 
with  an  antispecific  precipitate  rabbit  serum.  A  high  degree  of cross-reactivity 
existed,  and it was further noted that those antibodies that were precipitated by 
either antigen were incapable of differentiating between  the two.  These investiga- 
tions provided experimental proof for earlier suggestions  (12) that the groups on the 
antibody molecule responsible for antibody activity are unrelated to those involved 
in antigenic specificity. 
Previous work on the effects of denaturation on the serological and physicochemical 
behavior of immune globulins  has been extensively  reviewed  (1,  13,  14).  The ob- 
servation that monolayers of Types i  and III antipneumococcal  rabbit globulin  are 
serologic.ally  active (15), suggests the independence  of serological activity of a unique 
stereochemical  configuration.  However, in  the  light  of a  recent hypothesis  (16) 
that formation of protein films involves the separation of preformed layers of peptide 
chains  rather than unfolding  into individual chains,  a  functional relation between 
intact two dimensional configurations and antibody activity is not excluded. 
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While  Pappenheimer,  Lundgren,  and  Williams  (17)  reported  treatment  of 
diphtheria  antitoxin with strong urea solutions to be without effect on its antitoxic 
properties,  Wright (18)  presented evidence for the loss of nearly half of its activity 
after denaturation by 7.5 M urea. 
In a  preceding publication  (19)  it was shown that the denaturing action of 
urea on normal horse serum globulin is greatly exceeded by that of guanidine 
hydrochloride,  which  gives rise  to  dissociation  of the  protein  into halves  as 
"unfolding"  occurs.  Accordingly,  in  order  to  accentuate  the  effects  of de- 
naturation  on antibody properties,  guanidine hydrochloride rather  than urea 
was used in the present  work. 
I.  EXPERIMENTAL 
Preparation  of Materials 
Normal Pseudoglobulin GI.--This protein was prepared from normal horse serum 
as described previously (20).  The purified  material was monodisperse in diffusion 
(20) and electrophoresis (21). 
Type I An2ipneuraococcal Horse Globulin.--The source of antibody globulin was a 
concentrate of antipneumococcal horse  serum Types I  and II,  with  a  potency of 
2000 mouse protective units of Type I, and 1750 mouse protective units of Type II, 
per  cc.  t 
The method of preparation of the concentrate as given in a private communication 
by the Refining Department of the Lederie Laboratories is as follows:-- 
"The serum was diluted with one half of its volume of water, treated  with uro- 
tropin, and then carbonated at 4 lbs. pressure over night.  It was then diluted with 
three volumes of distilled  water and allowed to settle in the chill-room over night. 
On the following day, the supernatant liquid was syphoned off and discarded.  The 
precipitate was acidified  to pH 5.4 (methyl red), and sufficient NaCI was  added  to 
make  the  concentration  N/40.  The  material  was  again  allowed  to  stand  in  the 
chill-room over night to permit the acid protein fraction to settle.  The following day, 
the supernatant was syphoned off, neutralized to pH 7.4, and diluted with two volumes 
of water.  After settling over night, the precipitate was concentrated by centrifuga- 
tion and dissolved in 1 per cent salt.  It was preserved with 0.25  per cent phenol 
and  1:25,000 phenyl  mercuric  acetate." 
Type I antibody was isolated from this concentrate by specific precipitation with 
Type I  polysaccharide  (SI) 1  in  the  antibody  excess  region.  Two  hundred  cc. 
batches of the concentrate were diluted to 900 cc. with saline,  and six to seven con- 
secutive precipitations  carried out with decreasing amounts of carbohydrate.  The 
floccules  were washed five to seven times with 0.9 per cent NaC1,  and the antibody 
recovered with  15  per cent NaC1 as described  by Heidelberger  and  Kendall  (22). 
The  antibody  protein  was  precipitated  from this  extract  by hMf-saturation  with 
ammonium sulfate at pH 6.4, collected by centrifugation, dissolved in a  minimum 
1 We are indebted to Dr. W. G. Malcolm of the Lederle Laboratories, Inc. for a 
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amount of 0.9 per cent NaC1,  and dialyzed against the NaCI solution until free of 
ammonia.  The final preparation contained 73 to 85 per cent specifically precipitable 
protein N. 
Another batch  of antibody was  similarly  prepared  from Types  I  and  II anti- 
pneumococcal horse  serum  (Lederle horse  serum 4616,  containing 400 mouse pro- 
tective units of Type I and 650 mouse protective units of Type II per co.). 
Type I Polysaccharide (SI).--This was obtained through the courtesy of the Lederle 
Laboratories. 1  A stock solution was prepared by drying the solid material in a desic- 
cator over Drierite for 24 hours, weighing out 10 rag. on a  micro balance, and dis- 
solving it in 0.9 per cent NaCI to a volume of 50 ce. 
Guanidine hydrochloride was prepared from crude guanidine carbonate (American 
Cyanamid  Company)  by the  method  of Anson  (23).  It was  recrystallized  twice 
from anhydrous  methanol  by precipitation  with  anhydrous  ether  (24).  Aqueous 
solutions of the final product had a pH of 6.8-7.0. 
Denatured and Regenerated Antibody.--Denaturation  of the antibody in 2 per cent 
solution was effected by 8 M guanidine hydrochloride in the presence of 0.9 per cent 
NaCI.  After standing  for 24 to 36 hours at  room temperature,  the  solution was 
dialyzed against successive portions of 0.9 per cent NaC1,  in  the cold, until  free of 
guanidine hydrochloride.  Eighty-five to 90 per cent of the total protein was con- 
verted into an insoluble, irreversibly denatured form.  The pH of the supernatant 
was found to be 6.5,  with no additional precipitation occurring upon adjustment to 
pH 7.0.  The quantitative distribution between irreversib]y denatured and regener- 
ated antibody was of the same order as that previously found for normal horse serum 
globulin (19). 
The  protein  contained  in  the  superoatant  solution  (regenerated  fraction)  was 
concentrated  by precipitating  at  one-half saturation  with  ammonium sulfate,  col- 
lecting at the centrifuge, dissolving in a minimum volume of 0.9 per cent NaC1, and 
dialyzing against salt solution until free of ammonia. 
The white precipitate of irreversibly denatured antibody was washed twice with 
copious portions of 0.9 per cent NaC1.  An extensive search for a suitable solvent found 
it to be highly insoluble in most of the common buffers and salts at pH 7.0.  It was 
found to be soluble, however, in a  solution containing 2 per cent NaCNS and 0.9 
per cent NaCI, to the extent of about 0.3 rag. of protein N per cc. 
IL PaYSICOClmmCAL  ~ASm~E~NTS 
The  effects  of denaturation  and  regeneration  on  the  molecular  properties 
of  the  antibody  were  investigated  by  roeasurements  of viscosityj  diffusion, 
and sedimentation  in the ultracentrifuge. 
Methods 
Viscosity.--Measurements  were  carried  out in  modified  Ostwald  viscometers at 
25°C.,  as described previously (20). 
Diffus/on.--The refractometric scale method, described in detail  elsewhere  (25), 
was used for the determination of diffusion constants and for an estimation of the 
degree of monodispersity.  Calculations were made with equations 10, 11, 12, and 14 424  IMMTJ'NOCH_EM_ISTRY OF HORSE SERUM GLOBULINS 
of reference 25, and equation 1 of reference 26.  The protein concentration was 4 mg. 
per cc., the solvent a  0.05  H acetate buffer, pH 5.5, containing also 0.2 H NaC1 in 
addition to any reagent whose effect on the protein was to be studied. 
Sedimentation.--Ultracentrifugal  analyses were carried out by Dr. Max A. Lanffer 
at The Rockefeller Institute for Medical Research,  Princeton, New Jersey, with the 
air-driven centrifuge (27).  The optical system of Svensson was used for an estimation 
of  the  number  and  relative amounts  of  sedimenting components.  Sedimentation 
constants  were  corrected to  water at  20°C.  and  are  expressed in  Svedberg units 
(Table I). 
TABLE I 
Sedimentation Analyses of Native and Regenerated Type I Pneumococcal Horse Anlibody 
Preparation 
Native in pH 
5.5 buffer* 
Native in pH 
5.5  buffer*  +  2  per 
cent NaCNS 
Regenerated from 
2 per cent NaCNS in 
pH 5.5 buffer* 
Regenerated from 
7.5 ~ guanidine hydro- 
chloride,  in pH 5.5 
buffer* 
S N  HiO 
14.9,  8.7 
19.8, 7.1 
6.8 
14.5, 8.5 
18.9, 6.9 
14.7 
Remark 
Heavy/light component =  1/4 
Heavy/light component -- 3/2 
Single boundary 
Even  distribution between heavy and 
light components 
Very diffuse boundary 
* Containing 0.05 ~x acetate and 0.2 ~  NaC1. 
Results 
Native Antibody.--The sedimentation data given in Table I  are in good ac- 
cord with  the values found  by Heidelberger and  Pedersen  (28),  Kabat  (29), 
and  Petermann  and  Pappenheimer  (30).  Thus  the  sedimentation  constant 
of S  =  19  corresponds to the component with a  molecular weight  of about 
990,000, whereas the lower sedimentation constant of S  =  8.7 may be identi- 
fied  as  the  component  with  a  molecular weight  of about  170,000.  It  is  of 
interest  to  note  that  upon  dilution  the  relative amount  of  the  heavy  com- 
ponent increases, as was previously noted by Heidelberger and Pedersen (28). 
Diffusion measurements revealed the solutions to be polydisperse; the mean dif- 
fusion  constant,  as  calculated from  the standard  deviation of the  skewed  curves, 
increased with time from 1.0  X  10  -7 sq. cm./sec, to 2.3  ×  10  -7.  This shift is prob- J.  O.  ERICKSON  AND  H.  NEURATH  425 
ably due to a diminution of the extent of mutual interaction between the large and 
asymmetric antibody molecules (25). 
Effect of Guanidine Hydrochloride.--The influence of guanidine hydrochloride 
on the state of dispersion of the antibody was studied in concentrations of 2 
x~ and 6 x¢, in analogy to similar experiments with normal horse serum globulin 
(19).  There, it will be recalled, 2 M solutions of the salt caused aggregation 
of the globulin molecules in pairs, whereas in 6 g  solutions the molecules were 
split into halves as partial unfolding occurred. 
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FIG. 1. Relative viscosities of native, denatured, and regenerated  Type I  anti- 
pneumococcal horse globulins plotted against protein concentration in weight  per 
cent.  The curves refer to, respectively,  native antibody (O),  native antibody in 
2 per cent NaCNS  (A), denatured antibody in 2  g  guanidine  hydrodfloride (B), 
denatured antibody in 6 u guanidine hydrochloride  (e), and antibody regenerated 
from 8 u  guanidine hydrochloride  (A). 
If the limiting slopes of the curves relating the relative viscosity to protein 
weight concentration are taken as a measure of the asymmetry of the protein 
molecules (20),  the relative positions of the viscosity curves shown in Fig. 1 
reveal a  lower degree of asymmetry of the antibody in 2 M guanidine hydro- 
chloride as compared to the native protein, whereas in 6 ~t solutions of this 
salt, the asymmetry is considerably higher.  The limiting values of the weight 
(~)  were  12.7,  8.3, and  25.5  for native antibody, and  intrinsic viscosities 426  IM3/UNOCHEMISTRY  OF  HORSE  SERUM  GLOBULINS 
antibody  dissolved  in  2  M and  6  ~  guanidine  hydrochloride,  respectively 
(Table II). 
It has not been possible to estimate from viscosity and diffusion dam the molecular 
weight of the antibody in 2 M guanidine hydrochloride, since diffusion measurements 
revealed  the  solutions  to  contain  more  than  one  component.  Calculations  with 
equations 10, 12 (25), and 1 (26) yielded a mean value of 2.62 ×  10  -v with a standard 
deviation of  4-0.032,  whereas with  equation  13  (25) the calculated mean diffusion 
constant was considerably higher; i.e., 4.5  ×  !0-L 
In the presence of 6 ~  guanidine hydrochloride,  the diffusion pattern was 
indicative  of  monodispersity,  all  four  methods  of  calculation  yielding  con- 
sistent values.  Converted  to normal coordinates,  the experimental diffusion 
curves  were  superimposable  on  a  Gaussian  distribution  curve.  The  mean 
diffusion constant was 2.88  X  10  -~ 4- 0.19,  which, with the empirical correc- 
TABLE  II 
Intrinsic. 
Preparation  Intrinsic viscosity 
Native ...................................................... 
Native in 2 per cent NaCNS .....................  ,  ............ 
Denatured in 2 M guanidine hydrochloride  .... 
Denatured in 6 M guanidine hydrochloride  ...................... 
Regenerated from 8 ~ guanidine hydrochloride .................. 
12.7 
8.5 
8.3 
25.5 
14.4 
* All measurements were performed in solutions containing 0.05 ~t acetate buffer pH 5.5, 
and 0.2 ~ NaCI. 
tion factor for solvent viscosity (31),  and in combination with  the viscosity 
data, yields a  molecular weight of about 170,000.  However, the influence of 
guanidine hydrochloride cannot be ascribed to a  mere disaggregation of the 
native antibody into subunits  corresponding to normal globulin (9)  since the 
apparent molecular asymmetry  is considerably  higher.  Expressed in  terms 
of a  ratio of major to minor axis of a  prolate ellipsoid of revolution, and as- 
suming 30 per cent of hydration, a value of 1S.0 is calculated as  compared to 
5.2  for normal globulin.  Size and shape properties of antibody denatured by 
guanidine  hydrochloride  are  similar  to  those  of  urea-denatured  normal 
globulin. 
Regenerated Antibody.--An antibody preparation, regenerated after denatura- 
tion by 8 ~r guanidine hydrochloride as described above (page 423)  was sub- 
jected to viscosity and diffusion measurements.  As shown in Fig. 1 and Table 
II, the relative viscosity resembles closely that of the native protein.  Diffu- 
sion measurements indicated the material to be aggregated to a  considerable 
extent, the mean value calculated with equations 10,  12 (25), and 1 (26) being J.  O.  ERICKSON  AND  ~I.  NEURATH  427 
0.94 X  10  -7.  This lack of monodispersity precluded estimations of molecular 
weights. 
Effect  of NaCNS.--The  relative insolubility  of the  irreversibly denatured 
antibody  in  common  buffer  solutions  necessitated  recourse  to  the  solvent 
action of NaCNS, as described in section I  (page 423).  Since the comparative 
serological activities of native and  irreversibly denatured  antibody were de- 
termined in a  medium containing  2 per cent NaCNS  in addition  to 0.9 per 
cent NaC1, it was of interest to investigate the effect of NaCNS on the molec- 
ular  properties  of the  native  antibody.  Sedimentation analyses recorded in 
Table I  revealed the presence of a single boundary with a  sedimentation con- 
stant of S  =  6.8; i.e., approximately that of the light globulin component of 
antisera.  This value, in conjunction with the limiting intrinsic weight viscos- 
ity of 8.5,  yields a  molecular weight  of about  140,000  and an axial  ratio of 
b/a  =  9.0.  Accordingly, in the presence of NaCNS the larger antibody mole- 
cules  appear  to  become  disaggregated  into  components  approximating  to 
some degree the size and shape properties of ~tative, normal horse serum globu- 
lin. 
In order to determine whether the  disaggregating effect of NaCNS can be re- 
versed, a  1.5 per cent solution of the native antibody was dissolved  in 0.9 per cent 
NaCI, containing  2 per cent  NaCNS.  After 48  hours' standing,  NaCNS was re- 
moved by dialysis against acetate-saline buffer, and the solution again subjected to 
ultracentrifugal  analysis.  The  data  given in  Table I  reveal practically complete 
reversal to the state of dispersion  of the original  preparation, with about even dis- 
tribution  between the heavy (S  =  18.9) and  light  (S  =  6.9)  components.  This 
finding  is of considerable  importance for the  interpretation  of the noted effects  of 
NaCNS on the course of the  precipitin reaction, as discussed  in section III (page 
430). 
III.  GLOBULIN  AS  ANTIBODY 
Methods 
The quantitative method of Heidelberger and Kendall (32) was used to determine 
the amount of specifically precipitable protein N and combining ratios.  The amounts 
of antibody solution used were such as to contain a total of 0.3 to 0.8 nag. of precipi- 
table N.  All determinations were carried out in duplicate, the pH of the solutions 
being maintained within a range of 6.4-7.4.  The supematants were tested for excess 
antigen or antibody, the symbols +  (flocculation),  4-  (turbidity), and 0  (no visible 
change)  denoting  the  appearance of the  supernatant  I  hour after the addition  of 
antigen or antibody.  For these tests the dose of antigen was the minimum amount 
giving visible flocculation;  i.e., about 6 to 28 ~,. 
Resulta 
Qualitative precipitin tests revealed both the irreversibly denatured and the 
regenerated antibody to react strongly with SI.  This was true not only of the 
fractions derived from the concentrate but also of those obtained by denatura- 428  YM-M-UNOCHEMISTRY OF HORSE  SERUM  GLOBULINS 
tion  and  regeneration  of  whole  antipneumococcal horse  serum  (No.  4616). 
The latter finding is of importance since it indicates that the serological ac- 
tivity of the regenerated antibody is not due to the adventitious presence of 
polysaccharide which might have directed the regeneration process toward the 
reformation  of  native  antibody  (33).  Since  the  regenerated  whole  serum 
(No. 4616) also reacted strongly with SII, the reactivity of this fraction can- 
not be ascribed to a unique property of Type I antipneumococcal globulin. 
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Fro. 2.  Quantitative absorption of native, irreversibly denatured, and regenerated 
type I  antipneumococcal horse antibodies by SI.  All curves are reduced from the 
experimental data  to  the  same  content of total protein N  (0.44  rag.).  Curve  1 
refers to regenerated antibody in 0.9 per cent  NaCI,  curve 2 to native antibody in 
0.9 per cent NaC1, curve 3 to native antibody in 2 per cent NaCNS +  0.9 per cent 
NaCI, and curve 4 to irreversibly denatured antibody in 2 per cent NaCNS  +  0.9 
per  cent NaCI. 
The course of quantitative precipitin titrations of native,  denatured,  and 
regenerated antibody with SI is given in Table III and plotted in Fig. 2.  The 
relative insolubility of the irreversibly denatured fraction required the serologi- 
cal activity of the latter to be compared with that of the native antibody in the 
presence of 2 per cent NaCNS. 
It is apparent from the positions of the curves, reduced in Fig. 2 to the same TABLE III 
Quantitative A bsorption of Antibody Solutions with SI 
SI added 
~g. 
0.02 
0.04 
0.06 
0.08 
0.12 
0.20 
0.24 
Antibody N 
precipitated 
Ant~ody N 
SI 
mg. 
Native antibody in 0.9 per cent NaCI 
Supernatant tested for 
8.65 
8.0 
7.6 
7.35 
5.35 
3.26 
R* -- 4.65 
0.173 
0.319 
0.455 
0.587 
0.641 
0.651 
0.772 
72 per cent specifically precipitable 
Excess antibody  [  Excess  antigen 
+ 
+ 
+ 
+ 
+ 
-4- 
0 
0 
0 
0 
0 
0 
0 
+ 
0.02 
0.04 
0.06 
0.08 
0.12 
0.16 
0.20 
Regenerated antibody in 0.9 per cent NaC1 
o.121~  --  + 
0.471  11.8  + 
0.642  10.7  + 
0,697  8.6  + 
0.739  6.2  + 
0. 774  4.8  -q- 
0.780  --  0 
R* -- 7.3 
83 per cent specifically precipitable 
0 
0 
0 
0 
0 
0 
+ 
0.02 
0.04 
0.06 
0.08 
O.  10 
O.  12 
0.16 
0.20 
0.26 
Native antibody in 2 
0.091  4.6 
0.156  3.9 
0.205  3.4 
0.236  3.0 
0.299  3.0 
0.342  2.9 
0.421  2.6 
0.415  2.1 
0.421  1.7 
per cent NaCNS 
+ 
+ 
+ 
+ 
+ 
+ 
jr 
-4- 
? 
49 per cent specifically precipitable 
0.01 
0.06 
0.08 
0.12 
0.14 
0.24 
Irreversibly denatured antibody in 2 per cent NaCNS 
0.021 
0.123 
0.152 
0.225 
0.249 
0.253 
2.10 
2.os 
1.90 
1.87 
1.78 
1.00 
+ 
+ 
+ 
+ 
? 
0 
58 per cent specifically  precipitable 
0 
0 
0 
0 
0 
+ 
Antibody  N 
* R  ~  at equivalence. 
SI 
Incomplete separation despite prolonged centrifugation. 
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total protein  N  content of 0.44  mg.,  that  the regenerated antibody  is less 
active than the native in that, gram for gram, it combines with less antigen. 
The optimal combining weight ratios,  calculated from the equation  (34) 
N  R s  S 
--  =  2R  -  --  (1)  s  A 
are 4.6 and 7.8,  for native and regenerated antibody, respectively.  The ex- 
tent of specific precipitation, however, was about the same for the  two frac- 
tions; i.e., 72 and 83 per cent. 
Titration data of the irreversibly denatured fraction do not yield readily to 
comparative analysis since the presence of NaCNS appears to have a profound 
effect on the course of the reaction.  The relation of antibody precipitated to 
antigen added follows neither of the equations of Heidelberger and Kendall 
and appears to defy quantitative interpretation.  Thus, equation (1) yields for 
the native antibody in 2 per cent NaCNS a value of 0.248 for A  whereas the 
actual value appears  to be about 0.4 rag.  With the irreversibly denatured 
antibody, the calculated value of A  is higher than that found; i.e., 0.43  as 
compared to 0.25.  These discrepancies are not diminished when the empirical 
equation (35) 
N 
-  =  k~  --  k~ SU~  (2) 
S 
is applied.  Interpolatio.n of the plotted data yields approximate combining 
weight ratios at the beginning of the equivalence zone of 2.6 and 1.8 for native 
and irreversibly denatured antibody, respectively.  The corresponding values 
for per cent specifically precipitable N are 49 and 58.  Assuming the influence 
of NaCNS  on the course of  the titration to be the same for both antibody 
fractions, it follows that, per unit weight, the irreversibly denatured fraction is 
serologically more active than the native and that  both fractions are precipi- 
table to the same extent. 
In order to show that the specific  serological properties of the irreversibly 
denatured fraction were not due  to  the incomplete removal of regenerated 
material, the twice washed precipitate obtained following removal of guanidine 
hydrochloride (page 423), was subjected to three consecutive extractions with 
a solution containing 2 per cent NaCNS in 0.9 per cent NaC1.  Although each 
successive extraction yielded less  protein  than the preceding one,  quantita- 
tive precipitin titration with SI revealed the per cent specifically precipitable 
protein N, and combining ratio at the beginning of the equivalence zone, to 
be the same in each case. 
Effea of NaCNS.--The inhibitory effect of NaCNS on the precipitin  titration is 
revealed by (a) a decreased specific precipitation  (compare the data for native anti- J. O. ERICKSON  AND  lq. NEURATH  431 
body in  the presence and  absence of NaCNS);  (b)  a  departure  from the  normal 
course of the reaction; and (c) a lowering of the combining weight ratio at the equiv- 
alence point.  This behavior is analogous, in part, to that observed by Heidelberger, 
Kendall, and Teorell (36), for the influence  of high concentrations of NaCI on the 
reaction of SIII with the homologous antibody, although there,  in contrast to the 
present data, the general course of the reaction was not altered.  In neither instance 
was the effect of salts directed toward an increased  solubility of the precipitate since 
no additional precipitation occurred upon dialysis unless  more antigen was added. 
This is in contrast to sodium salicylate which appears merely to increase  the solubil- 
ity, by way of its action on the antibody (37).  While  ultracentrifugal analysis re- 
vealed the heavy antibody component to be split under  the influence  of NaCNS, 
yielding  a remarkably homogeneous solution with a sedimentation constant approx- 
imating that of normal globulin, it is unlikely that this is the factor responsible  for 
inhibition of precipitation.  It has been shown that pneumococcal horse antibodies 
may be associated with globulin components varying from S  =  19 all the way down to 
S  =  7 and that this graduation in size and shape is unrelated to serological activity 
(29, 30).  Further,  the dissociation  of the antibodies by NaCNS is reversible in a 
remarkable fashion since removal of the salt restores the sedimentation characteris- 
tics of  the  original  material.  Accordingly,  the  degree  of  denaturation  incurred 
in this reaction must have been associated with only minor changes in protein struc- 
ture (14). 
Heidelberger eta/. have suggested that competition of the cation with the antibody 
for combination with the acidic groups of the polysaccharide is responsible  for the 
inhibitory effect of concentrated NaC1  (36).  Undoubtedly this does not apply to 
the present phenomenon since it is an anionic effect, and hence it can hardly be ex- 
plained in terms of an electrostatic shielding  of these groups.  However, the general 
hypothesis of a shift of the equilibrium between free and combined antibody in the 
direction of the former has much to recommend itself,  although the available data 
fail to elucidate the underlying mechanism.  While an excess of antigen might serve 
to attain nearly complete combination, even in the presence of NaCNS, the increased 
solubility of the complex in the region of antigen excess prevents additional precipita- 
tion, unless NaCNS is first removed by dialysis. 
Comparison  of the Serological  Properties  oJ the F. raaions.--Since  precipitin 
titrations  were  carried  out  with  the  same  antigen  (haptene),  variations  in 
combining weight ratios and degrees of specific precipitation may be ascribed 
entirely to modifications in the structure of the antibody. 
The observed differences in optimal combining weight ratios of native and 
regenerated  antibody  (Table  III)  may  be  related  to  changes  in  molecular 
weight and shape, to changes in effective antibody valence, or to both.  For 
the  molar  combining  ratio,  R~,  to  remain  constant,  at  constant  antibody 
valence, the combining weight ratio, R, should increase in proportion to the 
increase in molecular weight of the antibody, Ma.  According to the relation 
g.  _-  g  a¢8  (3) 
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an increase in R from 4.6 to 7.3  may be ascribed  to a  1.6-fold increase in mo- 
lecular weight, while by the same reasoning the molecular weight of the irre 
versibly denatured antibody is about two-thirds that of the native. 
The fact that antipneumococcal horse antibody  (M  --  990,000)  combines 
with SI  in  a  higher ratio  than does pneumococcal  rabbit  antibody  (M  ---- 
150,000) is in keeping with this relation, as may be the noted increase in com- 
bining weight ratio, following acidification of rabbit antipneumococcal serum 
(38).  Likewise, pepsin-treated diphtheria  antitoxin (M  --  113,000) combines 
with twice as much toxin (39) as does the untreated antitoxin (M --  170,000). 
Preliminary  data  of  Petermann  and  Pappenheimer  (30)  have  shown  that 
digested pneumococcus horse antibody (S  5.2)  also combines with twice as 
much polysaccharide as the native, regardless of the molecular weight of the 
starting material. 
Another explanation, readily compatible with the general physical concept 
of the denaturation and regeneration processes, may be found in variations of 
the effective antibody valence.  The native antibody has upon its surface a 
number of reactive sites to which its serological activity may be attributed. 
If the influence of multivalent antigen (40) on the in vivo synthesis of antibody 
(4, 5) becomes effective before the polypeptide chains are molded into a specific 
three-dimensional configuration, it may  be assumed that additional serologically 
active centers are present within the molecule?  Upon denaturation, the mole- 
cule splits, and unfolds to a certain extent, resulting in the liberation of some of 
these internal reactive groups.  Experimental evidence for the unmasking of 
groups  upon  denaturation may be  found in  the  observations  that  protein 
sulfhydryl groups that are either not detectable in the native state (egg albu- 
min, excelsin,  etc.)  or detectable only in part  (myosin, urease),  become ex- 
posed  to  varying  degrees  upon  denaturation by heat,  urea,  or  guanidine 
hydrochloride (14).  It has been shown also that disulfide groups detectable 
after denaturation of serum albumin by heat or urea revert to the unreactive 
state after regeneration (14). 
The serological activity of the denatured and regenerated antibody frac- 
tions, respectively, ,parallels to a  considerable measure the reactivity of the 
protein  sulfhydryl and  disulfide groups.  The  decreased  combining  weight 
ratio of the irreversibly denatured antibody suggests the availability of extra 
serologicaUy  active groups and may be ascribed to an incomplete recoiling of 
the polypeptide chains, followed by aggregation, after removal of guanidine 
hydrochloride.  Combination with the antigen occurs by means of the latter's 
penetration into the interstices of the loose aggregates.  The higher combining 
Such an assumption is compatible with both, the older template hypothesis  of 
Haurowitz and Mudd (2) as well as with the newer ideas of Bumet (5) who suggests 
that antibody formation results  from  a  specific modification  of  the  intracellular 
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weight ratio of the regenerated fraction would suggest that some of the origin- 
ally available groups of the native antibody have become masked during the 
regeneration process. 
The most important  conclusion derived  from the present data is that  the 
denatured  antibody  is  serologically  active,  and  that,  discounting  a  specific 
effect of NaCNS on either one of the fractions, the extent of specific precipita- 
tion is of the same order of magnitude for the native and irreversibly denatured 
proteins. 
IV. GLOBULINS AS ANTIGENS 
In order to determine whether denaturation and regeneration of the anti- 
body resulted in significant changes in antigenic structure,  or in its antigenic 
relation to normal globulin, rabbit antisera to native and denatured antibody 
globulin  and  normal globulin,  respectively,  were prepared  and  subjected  to 
quantitative precipitin titrations with homologous and heterologous antigens. 
Previous work (7-11)  has already demonstrated the conducibility of such an 
experimental approach. 
Methods 
Antigens.--The  antigens employed were: (1) native antibody (NA), (2) irrevers- 
ibly denatured  antibody (DA),  (3)  native normal horse serum globulin  GI (NG), 
and  (4)  normal GI irreversibly denatured  by 8 ~t guanidine  hydrochloride  (DG). 
The preparation of NA and DA is described in section I of this paper, that of NG and 
DG  in  preceding  publications  (19, 20).  NA  and  NG were  dissolved  in  Ringer- 
phosphate solution,  pH 7.4; DG was dissolved  in a slight excess of alkali and then 
dialyzed against the Ringer-phosphate solution, whereas DA was used as a suspension 
in 0.9 •  NaC1. 
Antisera.--Four groups of  12 rabbits each  (1.8 to 3.0  kilos  body weight)  were 
given increasing  doses  of the  four antigens,  intravenously,  thrice  weekly, over a 
period of 2 weeks.  The total dose was 20 mg. per kilo body weight.  Later in the 
course of investigation, stronger antisera were prepared by immunization with larger 
doses (75 mg.) over a period of 3 weeks.  The rabbits were bled by heart puncture 8 
to 10 days after the last administration.  The blood was allowed to clot in paraffined 
tubes, the sera collected, cleared by centrifugation, and stored in 1:5000 merthiolate. 
Control sera, obtained from each rabbit prior to immunization, proved to be entirely 
negative. 
Predpitin  Titrations.--For comparing the relative strength of the various anti- 
sera, the serum dilution method of Martin  (41) was employed, using antigen solu- 
tions containing 6 to 28 -~' of protein per cc.  The quantitative precipitin method of 
Heidelberger and  Kendall  (32) was used  to determine the amount of precipitable 
antibody N  and combining ratios of the pooled sera obtained from each of the four 
groups of antisera.  For individual precipitations, the amount of serum was such as to 
yield 0.3 to 0.8 mg. of protein N specifically precipitable by the homologous antigen. 
All  determinations  were performed in  duplicate.  The supematant solutions  were 434  IMMUNOCHE~ISTI~Y  OF  HORSE  SERUM  GLOBULINS 
tested for excess antigen, and for antibodies to the homologous  and heterologous 
antigens.  The symbols  ++  (flocculation),  +  (heavy turbidity), ±  (slight  turbid- 
ity), ? (doubtful), and 0 (no visible change) denote the appearance of the supematant 
1 hour after the addition of antigen or antiserum. 
Results 
Antigenicity.--Previous  work from this laboratory revealed that denatura- 
tion of horse serum albumin by urea (42), and of bovine albumin by guanidine 
hydrochloride (43) resulted in a  significant decrease in the ability of the pro- 
tein to elicit antibody formation in the rabbit.  The results of similar experi- 
ments with normal and irreversibly denatured normal globulin GI,  and anti- 
body globulin, respectively, are given in Table IV. 
The second column in Table IV lists the titers, expressed as gamma antigen 
optimally combined per cubic centimeter of serum, whereas the third column 
refers to the antibody protein content in milligrams per cubic centimeter of 
serum.  Precipitin titrations by the method of Martin (41), as employed here, 
yield a  quantitative  measure  of the  antibody  content only if the  optimum 
combining ratios are known.  Thus the highest  serum dilution showing the 
visible turbidity will be higher for antigens combining in  lower ratios.  Ac- 
cordingly,  the  apparent  difference between  mean  titers  of  native  and  de- 
natured normal globulin,  (see column 2  of Table  IV) vanishes when the re- 
spective combining ratios of 4.8 and 2.8 are taken into account (see colunm 3). 
The spread in antibody content was so wide as to render the difference in mean 
titers statistically insignificant (p  <  0.9 >  0.8)? 
Similar experiments with  native and  denatured  antibody globulin  (Table 
IV)  found the denatured fraction to be more  antigenic  (p  <  0.1  >  0.05). 
This greater response to antibody formation by the  denatured protein is com- 
patible  with  the generally established  fact that  protein suspensions,  as  em- 
ployed for the immunization with this fraction, are more potent antigens than 
are protein solutions (44), and accordingly, it need not be ascribed to the effects 
of denaturation. 
The discrepancy between  the present findings and  those previously reported for 
serum albumin  (42) requires  explanation.  The possibility  was considered  that the 
greater susceptibili,  ty of the denatured (reagenerated)  albumin to  tryptic hydrolysis 
m/ght lead to its more rapid destruction in the body and thereby might account for 
its lower antigenic activity.  Supporting  evidence  for such  a  hypothesis has been 
provided recently by Haurowitz et al. (45).  These workers coupled weakly antigenic 
gelatin and strongly antigenic  sheep serum globulin with arsanilic acid and prepared 
rabbit antisera to these antigens.  With  the easily detectable arsenic  as tracer, it 
was found that within 60 minutes after administration the rabbits immunized  with 
3p  is the  probability  that  a  given  deviation  from  expectation  (based  upon 
hypothesis) shall occur by pure chance.  Thus p  = 0.8 means that in 80 per cent of 
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TABLE  IV 
Precipitin Titrations of Rabbit A ntisera to Native and Denatured Normal and Antibody Globulin 
with Homologous Antigens 
Normal Horse Globulin GI 
Antl-native  Antl-denalurtd 
Rabbit  Titer*  Antibody protein  Antibody protein 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I1 
224 
448 
112 
224 
112 
896 
224 
112 
448 
56 
448 
rag. per ¢¢. 
1.08 
2.15 
0.54 
1.08 
0.54 
4.30 
1.08 
0.54 
2.15 
0.27 
2.15 
Rabbit  Titer* 
13  480 
14  480 
15  480 
16  960 
17  240 
18  480 
19  480 
20  960 
21  480 
22  240 
23  480 
24  240 
rag. per ¢~. 
1.34 
1.34 
1.34 
2.68 
O. 67 
1.34 
1.34 
2.68 
1.34 
0.67 
1.34 
0.67 
Average  ................  1.44 -4- 1.18  Average  ................  1.50 ~  0.84 
Antibody Globulin 
Antl-natlve  Antl-dotatured$ 
Rabbit  Titer*  Antibody  protein  Rabbit  Titer* 
rag. per c¢. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
192 
384 
384 
384 
48 
192 
96 
96 
96 
384 
0.64 
1.28 
1.28 
1.28 
0.16 
0.64 
0.32 
0.32 
0.32 
1.28 
37  680 
38  340 
39  340 
40  1360 
41  340 
42  340 
43  170 
44  170 
45  1360 
Antibody protein 
m&. per co. 
2.52 
1.26 
1.26 
5.04 
1.26 
1.26 
0.63 
0.63 
5.04 
Average ................  0.75 -4- 0.48  Average ...............  2.10 -4- 1.75 
* Titer expressed as ~/protein optimally bound by 1 cc. of serum. 
:~ Titrated with native antibody. 
the diazotized gelatin excreted in the urine over 60 per cent of the injected arsenic 
as compared to 9  per cent excreted during the same time by the animals to whom 
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The divergence of the antigenic behavior of serum albumin and serum globulin, 
respectively, is also compatible with the findings that the difference in rate of tryptic 
hydrolysis is smaller between native and denatured globulin than between the cor- 
responding albumin fractions, and, furthermore, that the absolute rate of proteolysis 
is lower for denatured globulin than for native albumin (46). 
Specificity.--Tables V to VIII and Figs. 3 to 6 show the results of quantita- 
tive precipitin titrations of the four groups of pooled antisera with homologous 
and heterologous antigens.  From the positions of the curves it may be seen 
that, as a  rule, the homologous antigens remove more antibody than do the 
heterologous ones, the two exceptions being the reaction of NG with anti-DG 
serum  and  of NA  with anti-DA  serum.  These  apparent  discrepancies are 
discussed below.  A  cursory inspection of the data reveals  distinct antigenic 
differences between the four antigens in that no two antigens react  in exactly 
the same manner with a  given antiserum.  Also, in no instance after a serum 
was  exhausted  by  absorption  with  the  homologous antigen,  did  additional 
precipitation occur upon addition of heterologous antigen to the supernatant; 
however, when the heterologous antigen did not remove all of the precipitin, 
additional precipitation ensued when the homologous antigen was added to 
the superuatant solution (see Tables V  to VIII). 
From quantitative experiments with rabbit  antibodies to a specific precipi- 
tate  of  pneumococcal  horse  antibodies,  Treffers,  Moore,  and  Heidelberger 
(9) concluded that while normal and immune globulin have different antigenic 
properties,  "the reactivity of the normal horse  gamma globulin per  rag. of 
antibody  precipitated  is  the  same  as  that  of  the  immune gamma globulin 
antigen" and  "that the portion of the rabbit antibody which is precipitated 
by both globulins is incapable  of differentiating between them."  It  is the 
object of the following discussion to interpret the present data in the light of 
these conclusions, and to determine whether denaturation of either antibody 
globulin or normal globulin by guanidine hydrochloride, has served to diminish 
the antigenic differences that exist between them in  the native state.  The 
present  data  include precipitin  titrations  of  antibody globulin and  normal 
globulin with antisera to both, and in this sense they go beyond the analyses 
of Treffers, Moore, and Heidelberger (9) which were limited to antisera to but 
one of them; i.e.,  to  a  specific  precipitate  of pneumococcal horse antibody 
globulin. 
Considering first the general course of the reactions, it was found that with 
the exception of DA which, as stated, was used as a  suspension, the data fit 
closely the empirical equation (35) 
N 
-  =  k~  -  k~SU~  (2) 
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TABLE  V 
Quantitative A bsorption of Anti-NG Serum 
Antigen N  Antibody N  Antibody N 
added  precipitated*  Antigen N  Supernatant tested with 
mg.  mg. 
2 cc. of anti-NG absorbed by NG 
NG  Anti-NG  DG  NA 
0.01 
0.02 
0.04 
0.08 
0.10 
0.12 
0. 109 
0.176 
0. 289 
(0.382) 
(0.379) 
(0.361) 
10.9 
8.8 
7.2 
(4.3) 
++ 
++ 
+ 
± 
0 
0 
0 
0 
0 
+ 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
2 cc. of anti-NG absorbed by NA 
NA  Anti-NG  NG  DG 
0.011 
0.023 
0.034 
0.046 
O. 068 
0.092 
0.064 
0.101 
0.120 
(0.136) 
(o. 14o) 
(o. 143) 
5.6 
4.4 
3.5 
(2.8) 
+ 
+ 
-4- 
..4- 
0 
0 
0 
0 
-4- 
+ 
+ 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
2 cc. ofanfi-NGabsorbedbyDG 
DG  Anfi-NG  I  NG  NA 
1 
0.012 
0.024 
0.048 
0.072 
0.096 
0.120 
0.078 
0.129 
0.179 
0.230 
0.257 
(o.255) 
6.5 
5.4 
3.7 
3.2 
2.7 
(2.1) 
+ 
+ 
+ 
+ 
± 
± 
0 
0 
0 
0 
.4_ 
+ 
2 cc. of anti-NG absorbed by DA suspenmon 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
? 
0 
0 
0.036 
0. 072 
0.108 
0.144 
0.216 
0. 324 
0.053 
0.080 
0.113 
0.128 
0.145 
0.165 
m 
B 
NA 
+ 
+ 
+ 
_4_ 
-4- 
0 
Anti-NG  NG 
++ 
++ 
++ 
++ 
++ 
++ 
DG 
++ 
++ 
++ 
++ 
++ 
++ 
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TABLE  VI 
Quantitative A bsorpSion of Anti-DG Serum 
Antigea N 
added 
Antibody N 
precipitated* 
Antibody N 
Antigen N  Supernatant tested with 
rag.  m&. 
1 CC. of anti-DG absorbed by DG 
DG  Anti-DG  NG  NA 
0.012 
0.024 
0.036 
0.048 
0.072 
0.060 
0.116 
0.132 
0.137 
(o. 138) 
5.0 
4.8 
3.7 
2.9 
(t.9) 
+ 
+ 
+ 
4- 
0 
0 
0 
0 
4- 
+ 
+ 
+ 
(+) 
4- 
0 
+ 
+ 
4- 
0 
0 
1 cc. of anti-DG absorbed by NA 
NA  Anti-DG  NG  DG 
0.006  0.027  4.5  +  0  ++  ++ 
0.012  0.044  3.7  +  0  ++  ++ 
0.020  0.068  3.5  +  0  ++  ++ 
0.026  0.092  3.5  4-  0  ++  ++ 
1 cc. of anti-DG absorbed by NG 
NG  Anfi-DG  DG  NA 
0.01 
0.02 
0.03 
0.04 
0.06 
0.068 
0.118 
0.145 
0.162 
(0.136) 
6.8 
5.9 
4.9 
4.1 
(2.1) 
+ 
+ 
+ 
-4- 
0 
0 
0 
0 
4- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-4- 
0 
0 
1 cc. of anti-DG absorbed by DA suspension 
DG  Anti-DG  NG  NA 
0.012 
0.024 
0.036 
0.060 
0.084 
0.120 
0.023 
0.043 
0.045 
0.073 
0.092 
0.108 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
+ 
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TABLE  VII 
Quantitative Absorption of A nti-N  A Serum 
Antigen N 
added 
Antibody N 
precipitated* 
Antibody N 
Antigen N  Supernatant tested with 
rag.  m&. 
1.5 cc. of anti-NA absorbed by NA 
NA  Anti-NA  NG  DG 
0.023 
0.046 
0.068 
0.091 
0.125 
0.160 
0.193 
0.156 
0.256 
0.333 
0.356 
(0.372) 
(0.281) 
6.8 
5.6 
4.9 
4.0 
(2.9) 
+ 
+ 
+ 
+ 
? 
0 
0 
0 
0 
0 
0 
+ 
+ 
+ 
1.5 cc. of anti-NA absorbed by NG 
NG  Anti-NA  DG  NA 
0.01 
0.02 
0.03 
0.04 
0.06 
0.063 
0.087 
(o.o91) 
(0.086) 
6.3 
4.1 
+ 
0 
0 
0 
0 
0 
? 
+ 
+ 
+ 
+ 
0 
0 
0 
0 
_[_ 
+ 
+ 
+ 
+ 
1.5 cc. of anti-NA absorbed by DG 
DG  Anti-NA  NG  NA 
0.012  0.046  3.85  +  0  +  + 
0.024  0.063  2.6  +  0  +  + 
0.036  0.071  1.95  0  -4-  0  + 
O. 048  (0.066)  --  0  +  0  + 
1.5 ec. of anti-NA  absorbed by DA suspenmon 
NA  Anti-NA  NG  DG 
0.108 
0.216 
0.324 
0.432 
0.648 
0.864 
0.108 
0.175 
0.212 
0.243 
0.279 
(0.226) 
M  ++ 
+ 
+ 
+ 
0 
+ 
.4_ 
0 
0 
0 
0 
+ 
? 
0 
0 
0 
0 
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Antigen N 
added 
~g. 
NA  Anti-DA  NG  DG 
TABLE  VIII 
Quantitative Absorption of A nti-DA Serum 
Antibody N*  Antibody N  Supernatant tested with 
precipitated  Antigen N 
mg. 
2 cc. of anti-DA absorbed by DA suspension 
0.108 
0.216 
0.324 
0.432 
0.648 
0.864 
0.125 
0.217 
0.297 
0.335 
0.410 
(0.311) 
m 
+ 
+ 
+ 
+ 
q- 
0 
4- 
0 
0 
0 
0 
0 
4- 
0 
0 
0 
0 
0 
2  cc. of anti-DA absorbed by NG 
NG  AntI-DA  NA  DG 
0.01 
0.02 
0.03 
0.04 
0.05 
0.074 
0.108 
0.131 
0.131 
(0.124) 
7.4 
5.4 
4.4 
3.3 
+ 
+ 
-4- 
-4- 
0 
0 
0 
4- 
+ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
-4- 
_4_ 
? 
2 ce. of anti-DA absorbed by NA 
NA  Anti-DA  NG  DG 
0.023 
0.046 
0.068 
0.091 
0.114 
0.136 
0.171 
0.179 
0.269 
0.375 
0.423 
0.448 
0.465 
0.464 
7.9 
5.8 
5.5 
4.6 
3.9 
(3.4) 
+ 
+ 
+ 
+ 
-4- 
-4- 
? 
0 
0 
0 
0 
0 
4- 
+ 
-4- 
± 
0 
0 
0 
0 
0 
2 cc. of anti-DA absorbed by DG 
DG  Anti-DA  NA  NG 
O. 024  O. 084  3.5  +  0  +  + 
O. 036  O. 093  2.6  +  0  +  4- 
0.048  0,099  2.1  +  -4-  +  -4- 
0.06o  (o.112)  --  -4-  +  +  o 
* Antibody N  =  total N  precipitated---antigen N  added. ~.  O.  ERICKSON AND H.  NELTRA~]~  441 
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I~2G.  3.  Quantitative absorption  of anti-NG rabbit serum  by NG, DG, NA, and 
DA.  Since greater quantities  of DA suspension are needed  to remove  comparable 
amounts of antibody N, the experimental  points for this curve have been  brought 
into the graph by reducing their abscissae 2.5 times. 
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F~G. 5.  Quantitative absorption of anti-NA rabbit serum by NG, DG, NA, and 
DA.  Since greater quantities of DA suspension  are needed to remove comparable 
amounts of antibody N, the experimental points for this curve have been brought 
into the graph by reducing their abscissae 10 times. 
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Fxo. 6.  Quantitative absorption of anti-DA rabbit serum by NG, DG, NA, and 
DA.  Since greater quantities of DA suspension  are needed to remove comparable 
amounts of antibody N, the experimental points for this curve have been brought 
into the graph by reducing their abscissae 10 times. 
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where N/S is the ratio of antibody N  precipitated to antigen N  added, and 
kt and ks are reaction constants.  While this equation is empirical,  the mean- 
ing of the reaction constants can be evaluated mathematically (35) by differ- 
entiation with respect to S, and setting dN/dS equal to zero.  This yields 
k~  =  3R"  (4) 
k~ = 2~/~-~  (5) 
where R" is the optimal combining ratio at the equivalence point  and A 
the total  amount of specifically  precipitable  antibody N.  In Table IX  the 
calculated  values  for  kl  and ks  arc listed.  4  While kt  is  independent of  the total 
amount of antibody removed, ks is not.  Wherever reactions  of two antigens 
with a given antiserum yield  identical  values of kl it may be suspected that 
those antigenic  groups which do react  with the antibody are the same for the 
two antigens.  In such a case,  recalculation  of the reaction equation to the 
same maximum amount of  precipitable  antibody, A, should yield  also  identical 
values for ks.  This procedure has been employed to advantage in several 
cross-reactive  systems (such as the pneumococcal polysaccharides SIII and 
SVIII (47),  and the cross-reaction  between horse  antibody globulin  and normal 
globulin  with the rabbit  antiserum to  the  former (9))  with the  result  that cross- 
absorption did not resolve  the heterogeneous antibody system into  fractions 
of specific  rcactivities.  A  random distribution  of groupings capable of reac- 
tion  with hcterologous antigen,  accordingly has been postulated (9). 
With the aid of Table IX, the cross-reactions  of the following  pairs  of antigens 
with four antisera  are discussed below: Native antibody (NA)--native normal 
globulin (NG); native normal globulin (NG)---denatured normal globulin (DG); 
native  antibody (NA)---denaturcd  normal globulin  (DG). 
NA-NG.--Comparison of the behavior of native  normal and immune globulin 
toward anti-NA serum reveals  that  while  only  one-fourth  of the total  antibodies  is 
precipitated  by NG, the  reaction  constants  are  the  same for  both antigens  when cal- 
culated  to the same amount of  total  antibody,  A.  This  finding  is  in  qualitative  and 
quantitative  accord  with  the observations  of Treffers,  Moore, and Heidelberger  (9). 
A similar  relationship  was found to exist  when NA and NG were used  to  absorb  anti- 
serum to the  denatured  antibody.  It  may be concluded,  therefore,  that  those  rabbit 
antibodies  to either  native  or denatured antibody that  are precipitated  by either 
antigen  react  equally  with both. 
However, precipitin  titrations  of  NA and NG with  antisera  to native  or  denatured 
normal globulin  fail  to reveal  an analogous  similarity  in antigenic  structure. While 
4  Since  DA was used as a suspension,  calculations  of combining ratios  arc mean- 
ingless  in  all  instances  where this  antigen  was employed.  However, as  was shown by 
Treffcrs  and Heidelbergcr  (7) the  data  may be  used  for  the  estimation  of  A. 444  IMMUNOCH~MISTR¥  OF  HORSE  SERUM  GLOBULINS 
NA is capable of precipitating a fraction of the total antibodies, the reaction follows a 
course different from that of NG.  The situation is analogous to that observed with 
the SIII-SVIII system although in the present case, there is no tangible evidence for 
the presence of univalent antibodies.S  It is difficult to account for this lack of recipro- 
cal cross-reactivity unless it is assumed that, in contrast to the antisera to NA or DA, 
the antibodies elicited by NG or DG are not randomly distributed with  respect to 
TABLE IX 
Serological Constants* 
Serum  Antigen  A ~  kt§  k*§  h,,4 =  ill 
Anti-NG 
Anti-DG 
Anti-NA 
Anti-DA 
NG 
DG 
NA 
DA 
NG 
DG 
NA 
DA 
NG 
DG 
NA 
DA 
NG 
DG 
NA 
DA 
~g. 
0.345 
0.230 
0.133 
0.170 
0.170 
0.148 
0.080 
0.108 
0.091 
0.067 
0.373 
0.252 
0.132 
0.095 
0.465 
0.405 
14.4 
8.5 
8.2 
1.7 
10.0 
8.5 
6.3 
2.3 
10.3 
6.3 
9.7 
1.4 
12.1 
7.0 
11.1 
1.6 
36 
2O 
25 
2.1 
29.5 
25 
21.5 
4.1 
42 
23.5 
19 
1.3 
44 
23 
21 
1.2 
21.2 
9.6 
9.0 
0.9 
12.1 
9.8 
6.1 
1.4 
12.6 
6.1 
11.6 
0.65 
15.9 
7.2 
14.3 
0.75 
* These  data have been derived  from those  given in Tables  V to VIII using Equations 
2, 4, and 5 (see the text). 
A  =  total amount  of specifically precipitable  antibody  N  per volume of serum  used 
for precipitin  titrations (see Tables V to VIII). 
§ k~, ks -~ reaction constants  of Equation 2. 
I] k2 a  = 1 =  ks recalculated  to A  =  1. 
their reactivity toward homologous antigen and NA, but rather,  are present as  dis- 
tinct serological entities.  Experiments designed to test such a hypothesis remain to 
be  done. 
NG-DG.--Native and denatured normal globulin are more closely related to each 
other than to any of the other antigens.  This is borne out by comparison of maximum 
amounts  of antibody removed by these  two antigens relative to  that absorbed  by 
s As may be seen from Figs. 3 and 4,  there is no indication for a  linear relation 
between antibody precipitated and antigen added although this may not be a  suffi- 
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native  or denatured  antibody globulin.  It is  of interest  that  with  the  anti-DG 
serum, NG is capable of removing more antibody than is DG, a  phenomenon not 
readily explainable unless it might be due to in ~tro changes in the antigenic proper- 
ties of the denatured fraction during the period between immunization and the per- 
formance of precipitin titrations.  A similar situation obtains in the behavior of anti- 
DA serum toward DA and NA, respectively.  The cross-reactivity of DG and NG 
is  unilaterally  directed  toward  antibodies  to  the  former  (Table  IX).  However, 
antibodies to NG react in the same manner with DG as do antibodies to DG, suggest- 
ing that in an anti-NG serum the antibodies to DG are present as separate serological 
entities, and that the preparation of NG employed for immunization contained DG 
as  an  impurity.  This  conclusion  derives  support  from the  observation that  the 
supernatant obtained after partial absorption of anti-NG serum with NG, yielded 
additional precipitation upon the addition of DG (Table V). 
NA-OG.--These two antigens proved to be antigenically distinct as revealed by 
their reactions with their respective homologous  and heterologous  antisera.  A cer- 
tain  degree of cross-reactivity appears to exist in  their  behavior toward anti-NG 
serum.  It is also of interest that an anti-NA serum reacts with DG in much the same 
manner as does an anti-DG serum with NA. 
As stated before, comparison of the antigenic behavior of denatured antibody with 
the other antigens employed is rendered difficult since this antigen was used as sus- 
pension.  However, from the maximum amount of antibody specifically precipitable 
by DA, it may be concluded  that in all four antisera, DA was more closely related to 
NA than to native or denatured normal globulin  (NG or DG).  This is in accord 
with analogous experiments with NG and DG, and clearly demonstrates that dena- 
turation has not diminished  the antigenic differences  between normal and  immune 
globulins. 
v.  CONCLUSIONS 
The effects of guanidine hydrochloride on Type I  pneumococcal horse anti- 
body are in  some ways similar to those  on normal serum globulin  GI (19). 
Thus the apparent molecular asymmetry increases while the mean  molecular 
weight  decreases.  Also,  upon  removal of the denaturing  agent,  the  greater 
part of the protein is converted  into an irreversibly denatured  form.  How- 
ever,  quantitatively  the  two  proteins  differ in  their  response  to  guanidine 
hydrochloride: While normal globulin was split into components of about one- 
half of the molecular weight of the native protein (M =  75,000), with the anti- 
body globulin the splitting process  halted at  the stage of M  =  170,000.  In 
other  words,  the  dissociating  action  of guanidine  hydrochloride  was  limited 
to the heavy component of the native protein, although both the newly formed 
and  the  original  "light"  components  (M  =  170,000)  underwent  profound 
change in molecular shape, similar to those exerted by urea on normal globulin 
GI. 
The question  may be raised  whether  the  observed difference between  the 
two globulins in their resistance to splitting may not be due to the fact that the 446  IMM'UNOCHEMISTI~Y  OF  HORSE  SERUM  GLOBULINS 
normal GI was a pseudoglobulin fraction whereas the pneumococcal antibody 
globulin is preponderantly euglobulin.  It is not possible to decide this ques- 
tion on the  basis  of the present  experiments.  However,  the  question also 
remains whether generally euglobulin is a genuine serum component or whether 
it may not represent  a  modified pseudoglobulin produced as a  result of in 
vitro  purification (21). 
It has been suggested that the regenerated fraction may "consist of those 
antibody molecules which had escaped  extensive unfolding" (48).  While it 
is true that the diffusion method is too insensitive to detect the presence of 
traces of partially denatured or undenatured protein in an otherwise mono- 
disperse solution of fully denatured material, it is doubtful that the "regener- 
ated"  material  may be  generally identified with undenatured  protein.  As 
discussed in detail elsewhere (14,  25),  the percentage of regenerated normal 
globulin, serum albumin, or hemoglobin is too large to  escape detection by 
diffusion  or  ultracentrifugation,  if  the  regenerated  protein  departs  signifi- 
cantly from the size or shape characteristics of the fully denatured form.  It is 
also clear that the serological properties of the regenerated antibody fraction 
differ significantly from  those  of  the  native  protein.  As  discussed  above 
(page 431)  the change in combining weight ratio is in the direction of a higher 
mean molecular weight  (at  constant  antibody valence)  which,  admittedly, 
might be in accord with the sedimentation characteristics of native  and re- 
generated antibody, given in Table I.  However, this may also be explained by 
the assumption that  the heavy component of the native antibody is  more 
susceptible to regeneration than the normal component, or, that its ability to 
combine with, or to be precipitated by the antigen has become impaired. 
A  significant product of the present investigation is  the finding that  the 
irreversibly denatured fraction is serologically active.  This  may be taken to 
mean either that the specific configuration of the protein molecule is unrelated 
to the latter's behavior as an antibody, or that the serological activity is asso- 
ciated with structural regions which are unaffected by the denaturation process. 
The latter interpretation, suggested by Wright and Pauling (48),  may find its 
analogue  in  the  behavior  of  certain  proteolytic enzymes which  have  been 
found to remain active for considerable time after treatment with strong urea 
solutions (cf.  14).  Regardless of which viewpoint is accepted, the inference is 
not that antibodies cannot be denatured without incurring a loss of serological 
activity, but that in the sequence of changes brought about by denaturation, 
serological activity is among the last properties to be affected. 
The fact that native and denatured antibodies are antigenically more closely 
related to each other than to the corresponding fractions of normal globulin 
provides strong evidence for hypothesis that the two proteins are chemically 
different entities.  While absorption  experiments have  shown the  antigenic 
relation between antibody and normal globulin not to be as close as previously 
believed  (6,  9), the fact remains that those groups of the protein which  are j.  o.  ERICKSON  AND  H.  NEURATH  447 
responsible for antibody activity do not contribute to the antigenic structure. 
Accordingly, the observed antigenic differences between denatured  antibody 
and denatured normal globulin are not due merely to those structural regions 
which might have remained unaffected by denaturation.  It appears probable 
that  more  fundamental characteristics  are  responsible  for the  different be- 
havior and properties of these two globulins although an elucidation of these 
factors cannot be made at the present time. 
Our thanks are due to Dr. Max A. Lauffer for his generous cooperation in per- 
forming the sedimentation analyses described in this paper. 
SUMMARY 
1.  The influence of guanidine hydrochloride on the denaturation and re- 
generation of Type I  antipneumococcal horse serum globulin was determined 
by  measurements  of  viscosity,  diffusion,  and  sedimentation  in  the  ultra- 
centrifuge.  In addition, the effect of NaCNS  on the antibody globulin was 
studied. 
2.  Both the irreversibly denatured and the regenerated fractions were found 
to be precipitable by SI.  The observed changes in combining ratio have been 
tentatively explained in terms of (a)  changes in the mean molecular weight, 
or alternatively (b)  all increase in the number of serologically active groups 
upon  denaturation,  followed by  masking  of  the  latter  upoll  regeneration. 
Discounting a specific effect of NaCNS on either fraction, the extent of specific 
precipitation is of the same order of magnitude for native and  irreversibly 
denatured antibody. 
3.  Quantitative precipitin  titrations have been performed on rabbit  anti- 
sera to native and irreversibly denatured horse antibody, and normal globulin 
GI, respectively.  No significant differences in the antigenic activity of these 
proteins were found.  Measurements of their cross-reactivity led to the con- 
clusion that the native and irreversibly denatured fractions of antibody globu- 
lin are antigenically more closely related to each other than to the correspond- 
ing fractions of normal globulin, and vice versa. 
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